T he stroke burden in sub-Saharan Africa is escalating. 1 Mitigating this burden will require enhanced control of traditional stroke risk factors, especially hypertension. 2 However, insufficient numbers of physicians and transportation cost challenges across the region means that successful intervention will likely require the incorporation of provider task shifting and remote risk factor monitoring.
The objective of this study was to test the feasibility and preliminary signal of efficacy of an m-Health technology-enabled, nurse-led, multi-level integrated approach to improve blood pressure (BP) control among Ghanaian stroke patients within 1 month of symptom onset compared with standard of care.
Methods
Data supporting the findings of this interim analysis are available on request from the corresponding author (F.S.). The study was approved by the Institutional Review Boards of Komfo Anokye Teaching Hospital in Ghana and the Medical University of South Carolina. The trial protocol published elsewhere 3 is summarized below.
Trial Design
This was a 2-arm cluster-randomized controlled trial involving 60 stroke survivors with the physician as unit of randomization and patient as unit of analysis. Eligible subjects included were aged >18 years with a recent computed tomographic scan confirmed stroke of <1 month and uncontrolled hypertension (systolic blood pressure [SBP] ≥140 mm Hg) at screening and/or subsequent enrollment visit.
Background and Purpose-Stroke exacts an immense toll in sub-Saharan Africa where there are few resources, and stroke prevention research is limited. The aim of this study is to test the feasibility and preliminary efficacy of an m-Health technology-enabled, nurse-guided intervention in improving blood pressure (BP) control among Ghanaian stroke patients within 1 month of symptom onset. Methods-We conducted a 2-arm cluster pilot randomized controlled trial involving 60 recent stroke survivors encountered within a single tertiary medical system in Ghana. Subjects in the intervention arm (n=30) received a Blue-toothed UA767Plus BT BP device and smartphone for monitoring and reporting BP measurements and medication intake for 3 months compared with standard of care (n=30 
Study Setting
All subjects were enrolled through the Outpatient Neurology clinic at Komfo Anokye Teaching Hospital in Ghana after obtaining informed consent from patients or proxy.
Intervention
Using a computer-generated sequence, subjects were randomly allocated into 4 clusters of 15 subjects each per physician: 2 clusters in the intervention arm and 2 in the control arm. Subjects in the intervention arm received a Blue-toothed UA-767Plus BT BP device and smartphone for monitoring and reporting BP measurements and medication intake for 3 months. Per the medication intake protocol, if the time stamp medication intake from the app was ±90 minutes of the predesignated time, subjects scored 100%; within ±180 minutes, 50%; and outside of that window a 0%. Tailored motivational text messages were delivered based on the levels of adherence to the medication intake protocol.
Standard of Care
To control for attention exposure, the control arm of the study received SMS messages dealing with healthy lifestyle behaviors but not with medication adherence.
Allocation, Concealment, and Blinding
A computer-generated randomization sequence was used to allocate subjects to the 2 arms. Results were concealed in individually numbered envelopes and opened by the Research Coordinator in the presence of the consenting eligible study participant at enrollment. Office BP was measured thrice by a nurse blinded to patients' group status with the last 2 recorded and averaged for analysis.
Outcome Measures
Primary outcome measure was SBP control defined as SBP <140 mm Hg at month 3. Secondary outcome measures included (1) medication adherence measured using the medication possession ratio at month 3, (2) hypertension management competence using the 18-item perceived confidence scale, 4 and (3) autonomous self-regulation using the 15-item treatment self-regulation questionnaire.
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Statistical Analysis
We did both intent-to-treat and per-protocol analysis. We compared medians and means between treatment arms using either the MannWhitney U test or Student t test for continuous variables and using the χ 2 tests for categorical variables. Comparison of the treatment arms on the outcome variables was made using generalized linear mixed models with an identity link for continuous outcomes and logit link for binary outcomes. A random intercept was used to account for correlation among outcomes because of clustering by physician and for missing data in the outcomes assuming missing at random. We also estimated the intracluster correlation coefficient from the generalized linear mixed models. A P<0.05 was considered a significant difference between the 2 groups. Statistical analysis was performed using SAS 9.4.
Results
Baseline demographic and clinical characteristics of 60 subjects were comparable as shown in the Table. Follow-up status is shown in Figure 1 . One subject in the control arm had and died from a recurrent hemorrhagic stroke within the first month of study.
Primary Outcome Measure
Proportions of intervention versus standard of care groups with SBP <140 mm Hg at month 3 by intention to treat was 20/30 
Secondary Outcome Adherence Measures
Mean medication possession ratio at month 3 for the intervention was 0.88±0.40 versus 0.64±0.45 for control group (P=0.03). Electronically keyed medication adherence scores at months 1 and 3 were 49.0%±31.2 and 39%±31.3. Self autonomous regulation scores improved from 64.7±12.8 at enrollment to 83.7±11.3 at month 3 (P<0.0001) for phone-based intervention under nurse guidance after stroke group and from 68.4±9.3 to 83.9±12.1 (P<0.0001) for control group. Perceived confidence in taking medications as prescribed by physicians improved significantly from 82.2±14.2% to 93.0±8.5% (P=0.005) for intervention and nonsignificantly from 86.3±13.0% to 91.5±10.4% (P=0.08) for control group, respectively. Technology glitches reported among phone-based intervention under nurse guidance after stroke group included challenges with network connectivity, inability for some to login onto the app by themselves for taking BP, and sending medication intake information.
Discussion
We have demonstrated the feasibility of implementing an m-health intervention under nurse guidance aimed at improving BP control after stroke in an under-resourced region. We observed in this interim analysis a nonsignificant trend toward better systolic BP control among patients randomized to the intervention arm compared with the standard of care arm at 3 months, a period broadly recognized as being the period of highest risk for stroke recurrence. It should be noted that our study was not specifically powered to detect significant differences between the 2 groups. Secondary measures assessed showed improvement over time in both arms with significantly better medication adherence in the intervention arm. Our findings indicate that conducting stroke intervention research in sub-Saharan Africa is doable and highlight the importance of providing evidence for task-shifting strategies and culturally tailored m-health interventions aimed at improving poststroke care in subSaharan Africa.
We think that the implementation of this trial within a major tertiary medical system in Ghana at a dedicated stroke clinic staffed by the few providers in the country experienced in evidence-based stroke care may have underestimated the impact of the intervention in this pilot trial. On the contrary, challenges encountered in implementation including intermittent internet connectivity issues, dependence on caregivers to help implement the BP and medication-monitoring protocols, who were unable to consistently be present at predesignated protocol times (±3 hours), probably reduced the impact of the intervention. These issues will be addressed in the design of a larger multicenter trial adequately powered to assess outcome measures involving stroke survivors at various cadres of health care in sub-Saharan Africa.
In conclusion, we have demonstrated the feasibility and a preliminary signal of efficacy in 3-month BP control among recent stroke survivors in a resource-limited setting via a nurse-supervised m-health technology-enabled intervention. Longer-term outcomes are currently being evaluated.
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